tide:N-glycosidase F, which removes N-linked sugars, decreased relative molecular weight of the larger species to -50,000, whereas beta-elimination, which removes O-linked sugars, had little or no effect on the mobility of the M,-91,000 polypeptide. Neither of the deglycosylation conditions had any effect on electrophoretic mobility of the M,-22,000 polypeptide. Disuccinimidyl suberate cross-linked the two polypeptides to a new M, of 120,000-135,000 by SDS-PAGE. Antibody raised to the purified preparation immunoprecipitated spectral activity and, on Western blots, bound to the M,-22,000 polypeptide but not the M,-91,000 polypeptide.
Introduction
A new method has been developed for purification of cytochrome b from stimulated human granulocytes offering the advantage of high yields from practical quantities of whole blood. Polymorphonuclear leukocytes were treated with diisopropylfluorophosphate, degranulated and disrupted by nitrogen cavitation. Membranes enriched in cytochrome b were prepared by differential centrifugation. Complete solubilization of the cytochrome from the membranes was achieved in octylglucoside after a 1-M salt wash. Wheat germ agglutininconjugated Sepharose 4B specifically bound the solubilized cytochrome b and afforded a threefold purification. Eluate from the immobilized wheat germ agglutinin was further enriched by chromatography on immobilized heparin. The final 260-fold purification of the b-type cytochrome with a 20-30% yield was achieved by velocity sedimentation in sucrose density gradients. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of the purified preparation revealed two polypeptides of M, 91,000 and Mr 22,000. Treatment of the "2I-labeled, purified preparation with pep- tide:N-glycosidase F, which removes N-linked sugars, decreased relative molecular weight of the larger species to -50,000, whereas beta-elimination, which removes O-linked sugars, had little or no effect on the mobility of the M,-91,000
polypeptide. Neither of the deglycosylation conditions had any effect on electrophoretic mobility of the M,-22,000 polypeptide. Disuccinimidyl suberate cross-linked the two polypeptides to a new M, of 120,000-135,000 by SDS-PAGE. Antibody raised to the purified preparation immunoprecipitated spectral activity and, on Western blots, bound to the M,-22,000 polypeptide but not the M,-91,000 polypeptide.
Western blot analysis of granulocytes from patients with Xlinked chronic granulomatous disease revealed a complete absence of the M,-22,000 polypeptide. These results (a) suggest that the two polypeptides are in close association and are part of the cytochrome b, (b) provide explanation for the molecular weight discrepancies previously reported for the protein, and (c) further support the involvement of the cytochrome in superoxide production in human neutrophils.
February 1987. Neutrophils play a crucial role in defending the body against invading pathogens (1) (2) (3) . Stimulation of these granulocytes with bacteria or other chemoattractants results in the release of microbicidal oxidants into phagolysosomes or the immediate environment (4) (5) (6) . The mechanism by which neutrophils produce oxidants, however, is not fully understood.
Evidence suggests that an inducible electron transport system that transfers reducing equivalents from NADPH to oxygen is the source of oxidant production (7, 8) . The terminal component ofthis electron transport system is believed to be a low-potential b-type cytochrome (9, 10) . Support for the involvement of this cytochrome b in oxidant production has been obtained from (a) its spectrophotometric absence in patients with certain forms of chronic granulomatous disease (CGD)' whose neutrophils can not mount a respiratory burst (11) ; (b) genetic complementation studies of oxidant production by the hybridization of monocytes from cytochrome bpositive and cytochrome b-negative CGD patients to reconstitute the production of oxidants (12) ; (c) copurification of cytochrome b along with O-generating activity in detergent extracts (13, 14) ; (d) its unusually low (-245 mV) electrochemical potential (15, 16) ; and (e) its anaerobic reduction upon oxidase activation (10) followed by rapid reoxidation after introduction of oxygen into the system (15) . Recently, four different groups have reported the purification of cytochrome b from human, bovine, and porcine leukocytes. Relative molecular weight estimates, obtained from SDS-PAGE analyses, were diverse, ranging from 11,000 to 14,000 for bovine leukocytes (17) , 32,000 for porcine neutrophils (18) , 68,000-80,000 for human myelogenous leukemia cells (19) , and 127,000 for purified human neutrophils (20) . These preparations also varied significantly in their reported homogeneity, specific activity, and methods of purification.
In this report, we describe a new method of purification and partial characterization of cytochrome b obtained from cytochalasin-treated human neutrophils stimulated by N-formyl-Met-Leu-Phe. The purification procedure we describe yields highly purified cytochrome b (19.2 nmol heme/mg protein) from readily obtainable quantities of whole blood (3-6 U). The purified preparations were used to produce antibodies and perform electrophoretic and carbohydrate analyses. Our results suggest that purified cytochrome b is composed of two polypeptides; a heavily glycosylated, Mr-9 1,000 species and a Mr-22,000 species which may not be glycosylated. Our finding of both high-and low-molecular-weight polypeptides in the purified cytochrome b preparation may help explain the molecular weight discrepancies reported in the literature.
Lastly, Western blotting studies failed to detect any Mr-22,000 polypeptide in extracts of neutrophils from patients with the X-linked form of CGD. This result further supports a central role of cytochrome b in superoxide production. Portions of this work have been previously published in abstract form (21) .
Methods
Reagents. N-Formyl-Met-Leu-Phe, dihydrocytochalasin B, Na2 ATP, ovalbumin bovine serum albumin, chymostatin, poly-L-lysine (mol wt 14,000) N-acetylglucosamine, 2,2-azino-di-(3-ethylbenzthioline sulfonic acid) (ABTS), and fetuin type IV were purchased from Sigma Chemical Co., St. Louis, MO. Catalase, superoxide dismutase, phenylmethylsulfonyl fluoride (PMSF), octylglucoside, and dithiothreitol were purchased from Calbiochem Behring Corp., La Jolla, CA. Gelatin and sodium dithionite were obtained from Fisher Scientific, Pittsburgh, PA. N-2-hydroxyethyl piperazine-N-2-ethane sulfonic acid (Hepes) was purchased from United States Biochemical Corp., Cleveland, OH. EDTA The concentrated WGA-4B eluate was then diluted 10-fold with 10 mM Hepes, 0.1% Triton X-100, pH 7.4, to reduce the salt concentration to 50 mM. It was then pumped through a 5-ml column ofheparin ultrogel at 15 ml/h and 40C. After washing with 5 column volumes of 40 mM NaCl, 10 mM KCl, I mM EDTA, 10 mM Hepes, pH 7.4, and 0.2% Triton X-100, the orange-colored cytochrome was eluted at a flow rate of 20 ml/h with a 1 50-ml linear gradient of salt starting with wash buffer and increasing to 1.5 M NaCl made up in MRB with 0.2% Triton X-100. 1 mM PMSF and 10 Mg/ml chymostatin were included in the salt gradient for protease inhibition.
Velocity sedimentation ofcytochrome b in sucrose gradients. Final purification of the cytochrome b was achieved by velocity sedimentation in sucrose gradients. Linear sucrose gradients (5-20% wt/vol, 5 ml) containing 0.1% (wt/vol) Triton X-100 were constructed and fractionated in a manner similar to that described by Clarke (26 Electrophoresis. SDS gel electrophoresis was carried out at room temperature in polyacrylamide slab gels containing 0.1 % (wt/vol) SDS (27) . Protein samples were mixed with an equal volume of sample buffer and boiled for 3-4 min. Sample buffer consisted of 1 part 10% (wt/vol) SDS in H20, 1 part 0.5 M Tris base, pH 6.8, 1 part glycerol, and 500 mM 2-mercaptoethanol. In some experiments, sample buffer contained 8 M urea. The electrophoretic mobility of protein samples was compared with the mobility of standard proteins. Proteins were visualized on slab gels by first staining for 30 min with 0.125% Coomassie Blue G 250 in 50% methanol, 10% acetic acid. Gels were then destained in 25% isopropanol and 10% acetic acid and hydrated in H20 overnight with several changes of H20. Hydrated gels were then silver stained under basic conditions as described by Wray et al. (28) . For comparative purposes some polyacrylamide gels were silver stained under acidic conditions as described by Merril et al. (29) .
Deglycosylation experiments. Deglycosylation studies were performed on purified 1251-labeled cytochrome b. Peak sucrose gradient fractions were iodinated with immobilized chloramine T (Iodobeads) as described by the provider. Unbound iodine was removed by centrifugation through a 3-ml column of Sephadex G-25 equilibrated with column running buffer plus 0.1% Triton X-100. Removal of N-linked carbohydrate was done with peptide:N-glycosidase F as described by the provider except that incubations were done in column running buffer (pH 7.4) plus 5% (wt/vol) sucrose, 2 mM PMSF, 10 mM 1,10-phenanthroline, and 5 mM EDTA. Deglycosylation was complete in 24 h at room temperature. Beta-elimination experiments were performed to investigate the possibility of 0-linked carbohydrate (30) . '251-labeled cytochrome b was incubated in the presence of 0.1 N NaOH for up to 24 h at 4°C. Samples were then neutralized with an appropriate volume of 0.3 N HCG. As a positive control, parallel beta elimination and N-glycosidase F studies were performed in the presence of [5] [6] [7] [8] [9] [10] Mg fetuin (31, 32) . The electrophoretic mobility of reduced and treated samples was compared with that of reduced untreated samples. Protein was measured by the Bradford method (33), the BCA method as described by Pierce, Inc., and by fluorescence after conjugation of free amines with fluorescamine (34) depending on the size of the animal. Animals with elevated antibody titers were maintained on a schedule consisting of reimmunizations every 2-4 wk followed by bleeding 1 wk after the previous immunization.
Detection ofantibodies. To monitor antibody levels in the rabbits, we developed an ELISA. To round bottom microtiter plates we added 50 MAl of a 50-Mg/ml solution of poly-L-lysine (mol wt 14,000) in DPBS(-) and incubated for 30 min at 37°C. Then we added 50 Ml ofa mixture containing 150-250 ng cytochrome b in 25 mM NaCI, 10 mM Hepes, pH 7.4, and 0.02% Triton X-100 to the washed microtiter wells. The plate was then incubated for at least 60 min at 37°C and washed with DPBS(-). The microtiter wells were then treated with 100 Ml of 2% bovine serum albumin in DPBS for 15 min at 37°C. After shaking the wells dry, 50 Ml of primary antibody diluted in 2% BSA/DPBS(-) was added and incubated for either 60 min at 37°C or overnight at 4°C. The wells were then washed four to six times with DPBS(-). The secondary antibody mixture consisted of 50 ,l of 1 Mg/ml of peroxidase-conjugated goat anti-rabbit IgG in 2% BSA/DPBS(-) and was incubated for 30 min at 37°C. After washing each well five or six times with DPBS(-), 50 gl of colorimetric substrate which consisted of 0.5 mM ABTS and 5 mM H202 in 0.1 M citrate buffer, pH 4.2, was added. After sufficient color development (10-30 min) the reaction was stopped with 10 Ml of 10% SDS, and the absorbance read at 414 nm in an automated microtiter plate scanner (Bio-Tek Instruments, Inc., Burlington, VT).
Immunoprecipitation studies. The ability ofthe rabbit antibodies to react with detergent-solubilized cytochrome b was investigated by incubation of concentrated eluate from immobilized heparin with various amounts of immune or preimmune IgG for 1 h at 200C followed by sedimentation for 10 h in 5-20% (wt/vol) sucrose gradients containing 1% Triton X-100 as described in a previous section. Fractions of 0.35 ml were collected from sucrose gradients with a densiflow pump (Buchler Instruments Inc.). Sucrose gradient fractions were then diluted with 0.25 ml of DPBS(-) and assayed for cytochrome b, as described in the previous sections.
Western blotting experiments. Electrophoretic transfer of proteins from SDS-polyacrylamide slab gels onto nitrocellulose was performed according to Towbin et al. (35) . Protein-bound nitrocellulose strips were first incubated for 1 h in saturating buffer consisting of 10% goat serum and 3% BSA in 0.5 M NaCl and 10 mM Hepes, pH 7.4. The nitrocellulose strips were then incubated overnight at 4°C with 1 Mig per ml of rabbit IgG in DPBS(-) plus 3% goat serum, 1% BSA, and 0.2% Tween 20. After rinsing the nitrocellulose five times with wash buffer consisting of0.25 M NaCl, 10 mM Hepes, 0.2% Tween 20, pH 7.4, the strips were then incubated for 1 h at 200C with 1 ug/ml ofperoxidaseconjugated goat anti-rabbit IgG in DPBS(-) plus 3% goat serum, 1% BSA, and 0.2% Tween 20. Again after rinsing five times with wash buffer, the nitrocellulose strips were color developed for 5-30 min in a solution of developer consisting of 30% methanol, 0.5 mg/mi peroxidase color developer (4-chloro-1-napthol) (Bio-Rad Laboratories), and 5 mM H202 in 0.25 M NaCl, 10 mM Hepes, pH 7.4. The reaction was terminated by the transfer of nitrocellulose strips to distilled water.
Results
The purification of neutrophil cytochrome b. We designed a scheme for purification of cytochrome b from human granulocytes based on what was known about its colocalization with both the specific granules and plasma membrane (36) (37) (38) and preliminary evidence about its properties as a putative integral membrane glycoprotein (17, 23, 37) and our own unpublished observations (Parkos, C. A., A. J. Jesaitis, and R. A. Allen).
A summary of the specific activities and recoveries of cytochrome b at various stages of purification is shown in Table  I . The membranes used for solubilization offered several advantages over solubilization ofwhole cells. First, degranulation and nitrogen cavitation mobilized the internal pool of cytochrome b to the plasma membrane while eliminating soluble proteins and proteases. Second, using the cavitation buffer described, recovery of membranes from the disrupted cells was 90-95%, based on partitioning of cytochrome between the low-speed supernatants and pellets. Third, treatment of membranes with 1 M NaCl removed 15-20% of the total contaminating peripheral membrane protein while increasing the extractability of the cytochrome b by 20%. Therefore, the preparation of salt-washed membranes from degranulated cells produced a significantly enriched and more extractable preparation with high yields of cytochrome b. This preparation was depleted of granular proteases and relatively free of cytosolic and peripheral membrane protein contamination. SDS gel electrophoresis of the preparation at each stage of purification is shown in Fig. 1 .
We tested the ability of numerous detergents to solubilize cytochrome b from membranes and found octylglucoside and Triton X-100 to be the most efficient. Octylglucoside was found to extract virtually 100% of the cytochrome under the conditions described and offered the advantage of having a high critical micellar concentration. As shown in Table I, the  detergent We performed preliminary tests on whole cells to measure the ability of lectins to induce cross-linking of cytochrome b and hence inhibit detergent extractability. It was discovered that treatment of cells with wheat germ agglutinin caused a 50% reduction in the extractability of cytochrome b. The solubilized cytochrome b was found to reproducibly bind to WGA-4B. This binding could be completely inhibited by 100 mM N-acetylglucosamine. To obtain > 90% binding of the cytochrome to WGA4B, the detergent concentration had to be less than its critical micellar concentration. For elution of the bound cytochrome, a combination of competing sugars, high salt, and greater than critical micellar concentrations of detergent were necessary to obtain good recoveries (65-85%). The recovery of cytochrome b was also sensitive to the density of wheat germ agglutinin on beads, with 1 mg lectin/ml of beads being the optimal density ofseveral tested. Elution ofthe cytochrome in Triton X-100 rather than octylglucoside was necessary to optimize yields in the subsequent purification steps. As shown in Table I , the WGA-4B eluate had a cytochrome b content of 2.58 nmol per mg protein, which represents a threefold enrichment over the 100,000-g octyl glucoside extract. Elution of bound cytochrome b with a gradient of N-acetyl glucosamine or chitobiose offered no advantages because the protein slowly eluted over the entire gradient, and the specific activity was the same as that from batch elution.
For optimized binding of the cytochrome to immobilized heparin, the detergent had to be in excess of the critical micellar concentration in a low-ionic strength buffer. The WGA-4B eluate was concentrated and then diluted because of unsatisfactory (40%) losses when dialysis was performed. Fig. 2 shows the elution profile of cytochrome b from heparin ultrogel. The cytochrome eluted as a single sharp peak in a gradient ofNaCl, whereas the protein profile revealed a shoulder comprised mainly of a higher molecular weight species, Mr 170,000. As shown in Table I , the heparin eluate was three to fourfold enriched in cytochrome, and Fig. 1 shows the appearance of After washing the column with low-ionic strength buffer containing 0.2% Triton X-100, the cytochrome was eluted at a rate of 20 ml/h with a 150-ml gradient of NaCl increasing from 0.04 to 1. (Fig. 1, lane S) . We were unable to resolve two protein bands on larger SDS polyacrylamide gels. Relative molecular weight estimates of the larger species were found to increase with increasing polyacrylamide concentration in SDS gels. On 8% (wt/vol) SDS polyacrylamide slab gels, the relative molecular weight ofthe larger species was estimated at 91,000+3,000, whereas electrophoresis on 11% (wt/vol) gels revealed a slightly increased Mr of 97,000±3,000. We have assigned the value of 91,000 as the relative molecular weight of the larger protein species to be consistent. The relative molecular weight of the smaller component was not variable and was determined to be 22,000+3,000 on both 11% and 15% (wt/vol) SDS polyacrylamide gels. The reduced minusoxidized absorbance difference spectrum of the purified cytochrome b had alpha, beta, and Soret absorbances of 558.7, 528, and 426.5, which are in agreement with those reported by others (20, 23) .
Analysis ofglycosylation ofcytochrome b. Our preliminary experiments on whole cells and those on the detergent extracts of membranes which indicated that cytochrome b bound to lectins suggested that cytochrome b was a glycoprotein or closely associated with one. In addition, recent analyses by Harper et al. ( 19) Glycoproteins often exhibit anomalous behavior when subjected to SDS-PAGE (39, 40). Thus, to obtain an estimate of the molecular weight of the polypeptide portion of cytochrome b, the effect of deglycosylation on its relative molecular weight was studied. Purified cytochrome b was iodinated as described in the methods, which by SDS-PAGE and subsequent autoradiography revealed two bands of Mr 91,000 and 22,000. As shown in Fig. 4 , beta elimination conditions that decreased the relative molecular weight of fetuin controls had a minimal effect on the mobility of the Mr-9 1,000 protein band. Treatment with peptide:N-glycosidase F, on the other hand, caused a large increase in the electrophoretic mobility of the Mr-9 1,000 band, which suggests the presence of significant amounts of N-linked carbohydrate. A single band with an M, 48 ,000-50,000 appeared after endoglycosidase treatment along with total disappearance ofthe Mr-9 1,000 band. Neither treatment had any effect on the electrophoretic mobility of the Mr22,000 band.
Cross-linking studies. To investigate whether the two polypeptides of Mr 91,000 and 22,000 present in purified cytochrome b preparations are indeed closely associated, crosslinking studies were performed. Purified cytochrome b at an approximate concentration of 0.75 uM was exposed to the homobifunctional cross-linking reagent DSS under conditions that do not cross-link control standard proteins. As shown in Fig. 5 , this exposure resulted in a time-dependent decrease in the staining density of the Mr9 1,000 and Mr-22,000 protein constituents with the appearance ofa new band having a lower electrophoretic mobility. This new band had a value of Mr 120,000-135,000 on the 11% (wt/vol) SDS-polyacrylamide gel shown in Fig. 6 . No additional bands were produced either in the cytochrome-containing sample, or in the more concentrated protein standard solution. Because there was no detectable effect of cross-linking on spectra or the sedimentation characteristics shown in Fig. 3 , a close association is suggested between the 91,000-and 22,000-D polypeptides during time of exposure with cross-linkers.
Antibody production. To further obtain specific probes for cytochrome b, antibodies were produced against our purified preparation. To assay antibody titers, we developed an ELISA. Pretreatment of microtiter wells with poly-L-lysine was necessary because the detergent in our cytochrome preparation completely inhibited its binding to the surface of the wells. Using '251I-labeled cytochrome b, we found that -50% of the total counts in any given microtiter well could be bound provided the well had been pretreated with poly-lysine and that the total salt concentration was < 100 mM. Of the six rabbits immunized with cytochrome b, only one (R3179) responded with favorable antibody titers. The immunogen used for R3 179 was eluate from immobilized heparin, which had a high cytochrome b specific activity of 1 1.8 nmol heme/mg protein. This rabbit's antibody titers became maximal at 6 wk with a titer that diluted to 1:32,000. The antibody titers ofR3 179 progressively declined after the 6-and 8-wk peaks. Boosting the animal with purified cytochrome b did not increase the antibody titers.
Immunoprecipitation studies. We examined the ability of IgG from R3179 to immunoprecipitate cytochrome b spectrum from detergent extracts. It was necessary to use purified immunogobulin because contaminating hemoglobin in serum samples interfered with the measurement of the cytochrome b spectrum. To determine if antibody was reacting with cytochrome b, we compared the sucrose density gradient sedimentation profiles of cytochrome-treated with either immune or control IgG. The results of the sedimentation studies are shown in Fig. 7 . Increasing the amount of immune IgG incubated with eluate from immobilized heparin resulted in a corresponding increase in the amount of cytochrome spectrum sedimented to the bottom of the sucrose gradient. There was no effect of preimmune IgG on the sedimentation profile of cytochrome b.
Western blotting experiments. Determination of the antigen with which the antibody reacts was carried out by Western Mg/rml chymostatin, 1% Triton X-100, and 15 mM Hepes, pH 7.4, and centrifuged at 12,000 g (temperature, 40C) for 2 min to remove insoluble debris. The supernatants were mixed with an equal volume of sample buffer, subjected to SDS-PAGE on a 6-16% (wt/vol) polyacrylamide gradient gel and Western blotted as described in Methods. Lane 1, 0.5 ,g purified cytochrome b; lanes 2, 3, 5, 50 Ag protein from three different preparations of normal granulocytes ( 1 X 106 cell equivalents). Lane 4, 50 ;&g protein from X-linked C6D granulocytes (-25 X 106 cell equivalents). The molecular mass of protein standards is included to the right of (A) and (B).
blotting techniques. Preliminary experiments using '25I-labeled cytochrome b revealed that the Mr-91,000 subunit was difficult to electrophoretically transfer from SDS polyacrylamide gels onto nitrocellulose. We found that at a transfer (41, 42) .
Comparison of the blotting profile of X-linked CGD granulocytes (Fig. 6 B, lane 4) to the profiles of normal granulocytes (lanes 2, 3, 5) reveals a complete absence of the Mr-22,000 polypeptide in the CGD neutrophils. Since the blotting profiles of the higher molecular weight bands are the same in the control vs. CGD neutrophil lanes, the absence of labeling of the Mr-22,000 polypeptide in lane 4 is not likely to be a staining artefact. We have also confirmed the absence of the Mr-22,000 polypeptide in five other patients with X-linked CGD. Also shown in Fig. 6 B is the blotting profile of purified cytochrome b (lane 1), which again demonstrates a lack of reactivity of the antibody with the Mr-9 1,000 component of the cytochrome.
Discussion
The purpose of this study was to purify cytochrome b with a sufficiently high yield from human peripheral blood neutrophils so as to be practical for biochemical and immunological analysis. Specific emphasis was placed on the investigation of the possible glycoprotein nature of cytochrome b and to resolve current discrepancies reported in the literature for the size of the cytochrome.
The two protein species of Mr 91,000 and 22,000 identified in this report may possibly explain these latter discrepancies. The values reported by Harper et al. ( 19, 23) (18) are in approximate agreement with our lower molecular weight species with differences probably due to either proteolysis and/or interspecies variation, because bovine and porcine granulocytes were used in these latter studies.
We believe that the reason for the lack of reports of both proteins in purified cytochrome b preparations lies in the variability in which these two proteins stain on SDS polyacrylamide gels. We found that using Coomassie Blue as a primary method of protein visualization was unsatisfactory because of the sizeable amounts of protein required (> 20 ,ug) for adequate staining intensity. To get satisfactory protein visualization, we found it necessary to silver stain under basic conditions after Coomassie staining. Fig. 8 demonstrates that silver staining under basic conditions (28) is superior to acidic silver stains (29) in visualizing both protein bands. Integration of the densitometric scans shown in Fig. 5 Our finding of the absence of the Mr-22,000 species in granulocytes from patients with X-linked CGD provides strong evidence that this protein is a functional component of cytochrome b. Therefore, if we assume that the copurification is not the result of some nonspecific association occurring after cell lysis or membrane solubilization, then our results would suggest that the human neutrophil cytochrome b is a heterodimer of a heavily glycosylated polypeptide (Mr 91,000) with a polypeptide core of -50 kD and an unglycosylated 22-kD polypeptide. In addition to the evidence in this report, this hypothesis is supported by our hydrodynamic analysis of the size of the detergent-solubilized cytochrome showing that the molecular mass of the cytochrome is 100-135 kD (21) . The rough correspondence of staining density of the two polypeptides separated on silver-stained SDS-PAGE shown in Fig. 8 A is also not inconsistent with this view.
It is not known which of the two polypeptides described in this report contains the heme prosthetic group. In our hands, separation of the two species has only resulted in denaturation of the heme spectrum. Comparison of the properties of our protein preparation with those of other nonmitochondrial membrane-bound b-cytochromes such as cytochrome b56, (44, 45) and cytochrome b5 (46) would suggest that the Mr22,000 species is more likely to contain heme due to its size and apparent lack of carbohydrate. The absence of the Mr-22,000 species in CGD granulocytes with a spectrophotometric absence of cytochrome b supports this contention. 740 If the smaller polypeptide we describe contains the heme prosthetic group then our findings are compatible with the recent results of Royer-Pokora et al. (47) who have reported the sequence of the transcript for the gene responsible for Xlinked, cytochrome b-negative CGD. The transcript they report does not show any significant homology to previously sequenced cytochromes and suggests the absence of a hemebinding region. In addition, the amino acid composition is different than that reported by Harper et al. (23) and Lutter et al. (20) for purified cytochrome b. However, because the amino analyses reported by these authors was not performed on the individual polypeptides resolved by SDS-PAGE they cannot be expected to match those reported by Royer-Pokora. This problem is further compounded by other glycoprotein contaminants in the preparation acknowledged by Harper et al. yet still used for the amino acid analyses.
The size and sequence of the transcript reported by RoyerPokora et al. is, however, consistent with our view of the size and physicochemical characteristics of the Mr-9 1,000 species. This putative subunit is heavily glycosylated and may not carry the heme group. Furthermore, because the Mr-22,000 polypeptide is absent in patients with X-linked CGD, it is possible that the presence of functional Mr-91,000 subunit is required for the cellular processing of the Mr-22,000 component.
Note Added in Proof
During the review of this manuscript, we engaged in a collaboration with M. Dinauer and S. Orkin and confirmed that the large subunit of purified cytochrome b was indeed the product of the X-linked gene whose deletion is responsible for CGD (48) . This confirmation was based on the finding that antibodies made against cDNA-derived synthetic peptides and fusion proteins cross-reacted with the Mr91,000 polypeptide in its intact and deglycosylated form. Subsequently, Segal (49) published a revision of his earlier purification procedure which included an undocumented velocity sedimentation step and a second revision for the molecular weight of cytochrome b. Also reported was the existence of a copurifying 23-kD protein and the absence of both proteins in granulocytes from X-linked CGD patients. The latter conclusion was based on the assumptions that (a) the cytochrome purifies identically from CGD as from normal cells, and (b) the antibody used to detect the 23-kD protein was specific for the cytochrome in spite of its inability to immunoprecipitate the inferred "a-#" heterodimeric complex. In addition, because the amino acid composition for the large protein determined by him and co-workers did not match that predicted by sequence of the X-CGD gene, Segal also concluded that the cytochrome was not coded for by this gene. Most recently however, Segal and co-workers reversed their conclusion and published the amino acid sequence for the 90-kD polypeptide which matched that predicted by Royer-Pokora et al. (47) with an additional piece at the NH2-terminal end (50) . This latter observation now fully confirms our purification and results. In addition, our physicochemical studies on the hydrodynamic and cross-linking properties ofthis cytochrome (21, 51 ) present a much stronger case for its heterodimeric nature than a simple copurification.
